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' perties of a Covalent Bond: Bond Energy and Bond Length

strength of a covalent bond depends on the magnitude of the mutual attrac-
petween bonded nuclei and shared electrons. The bond energy (BE) (also
‘fled bond enthalpy or bond strength) is the energy required to overcome this
tion and is defined as the standard enthalpy change for breaking the bond
mol of gaseous molecules. Bond breakage is an endothermic process, so the
energy is always positive:
A—B(g) —> A(g) + B(g)  AHpond breaking = BEA—3 (always > 0)
stated in another way, the bond energy is the difference in energy between
the 'separated atoms and the bonded atoms (the potential energy difference
setween points 1 and 3 in Figure 9.11; the depth of the energy well). The energy
orbed to break the bond is released when the bond forms. Bond formation is
n exothermic process, so the sign of the enthalpy change is negative:
A(g) + B(g)—> A—B(g) AHond forming = —BEa—p (always < 0)
ause bond energies depend on characteristics of the bonded atoms—their elec-
on configurations, nuclear-charges, and atomic radii—each type of bond has its
q bond energy. Energies of some common bonds are listed in Table 9.2, along
each bond’s length, which we discuss next. Stronger bonds are lower in
rgy (have a deeper energy well); weaker bonds are higher in energy (have a
shallower energy well). The energy of a given bond varies slightly from mol-
e to molecule and even within the same molecule, so each tabulated value is
n average bond energy.
~ A covalent bond has a bond length, the distance between the nuclei of two
ded atoms. In Figure 9.11, bond length is shown as the distance between the
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2| Average Bond Energies (kl/mo and Bond Lengths pm)
Bond Energy Length Bond Energy Length Bond Energy Length Bond Energy Length
Single Bonds
' H—H 432 74 N—H 391 101 Si—H 323 148 S—H 347 134
H—F 565 92 N—N 160 146 Si—Si 226 234 S—S 266 204
H—Cl 427 127 N—P 209 177 Si—0 368 161 S—F 327 158
H—Br 363 141 N—O 201 144 Si—S 226 210 S—Cl 271 201
H—I 295 161 N—F 272 139 Si—F 565 156 S—Br 218 225
N—Cl 200 191 Si—C1 381 204 S—I ~170 234
C—H 413 109 N—Br 243 214 Si—Br 310 216
c—C 347 154 N—I 159 222 Si—I 234 240 F—F 159 143
Cc—Si 301 186 F—Cl 193 166
C—N 305 147 O—H 467 96 P—H 320 142 F—Br 212 178
c—0 358 143 0O—P 351 160 P—Si 213 227 F—I 263 187
c—P 264 187 0—0 204 148 P—P 200 221 cl—Cl 243 199
c—S 259 181 0—S 265 151 P—F 490 156 Cl—Br 215 214
C—F 453 133 O—F 190 142 P—Cl 331 204 Cl—I 208 243
c—Cl 339 177 o0—Cl 203 164 P—Br 272 222 Br—Br 193 228
C—Br 276 194 O—Br 234 172 P—I 184 243 Br—I 175 248
Cc—1 216 213 0—I 234 194 I—1I 151 266
le Bonds
C= 614 134 N=N 418 122 Cc=C 839 121 = 945 110
C= 615 127 N=0 607 120 C=N 891 115 N=0O 631 106
C=0 745 123 0, 498 121 C=0 1070 113
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